
Paediatrica Indonesiana
VOLUME 54 NUMBER 3May

Original Article

168 Paediatr Indones, Vol. 54, No. 3, May 2014

Serial blood lactate levels as a prognostic factor for 
sepsis mortality 
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Abstract
Background
leading cause of death. In recent decades, lactate has been studied 
as a biomarker for sepsis, and as an indicator of global tissue 

metabolism. Many studies have shown both high levels and 
increased serial blood lactate level measurements to be associated 
with increased risk of sepsis mortality.
Objective To evaluate serial blood lactate levels as a prognostic 
factor for sepsis mortality.
Methods We performed an observational, prospective study in the 

blood lactate specimens of children with sepsis, first at the time of 

confidence intervals of the factors associated with mortality were 
calculated using univariate and multivariate analyses. 
Results

6.47) due to mortality.  
Conclusion In children with sepsis there is a greater risk of mortality 
in those with increasing or persistently high serial blood lactate 

[Paediatr Indones. 2014;54:168-73.].
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According to the International Pediatrics 
Sepsis Consensus Conference
sepsis is a systemic inflammatory response 
syndrome (SIRS) associated with an 

infection.
a leading cause of mortality in infants and children. 

 In 
Indonesia, mortality rates due to sepsis remain high, at 

Mangunkusumo Hospital, Jakarta.3,4 Early detection, 
prompt treatment, monitoring and stratification of 
mortality risk is important.

Several biomarkers for pediatric sepsis have 
been studied. In the last decade, lactate had been 

with critical illness, trauma, and sepsis.  In sepsis, 
the increased lactate level is generally thought to be 

cells, resulting from systemic responses to infection, 
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cardiopulmonary failure, and multiple organ dysfunc-
tion leading to death.

level to be a prognostic marker and predictor of 
sepsis mortality.  Shapiro et al. and Nguyen et 
al. reported that blood lactate level 

of sepsis mortality.  The aim of this study was 
to evaluate serial blood lactate levels and the other 
factors as a prognostic indicators for sepsis mortality 
in our hospital setting. 

Methods

criteria of sepsis according to the International Pediatrics 
Sepsis Consensus Conference  definition and whose 
parents consented to participation were eligible for this 

anomalies, cyanotic congenital heart diseases, trauma, 
burns, severe malnutrition, asthmatic and epileptic 

infection receiving anti-retroviral therapy or those with 
diabetes mellitus using anti-diabetic oral medication 

We measured capillary blood lactate levels 
using a portable hand analyzer (Accutrend Lactate®).
Accuracy, reliability, and linearity of this device was 
calibrated against benchmarked laboratory testing.

the first lactate measurement. We categorized serial 

as this level had been shown to have prognostic 
value.
local protocols, and lactate levels did not influence 

the end of intensive care treatment, and outcomes 
were classified as survived or died. Lactate clearance 
was defined as the percent change in lactate level 

persistent or increase in lactate level was defined as 

Factors associated with mortality were recorded. 

Septic shock was considered to be a condition of 
sepsis with cardiovascular organ dysfunction, as 
defined by the International Pediatric Sepsis Consensus 
Conference Lactic acidosis was defined as 

such as blood, urine, or other sites of infection were 
categorized as positive cultures and the time of 

or 6 hours antibiotic onset. 

square tests to compare distributions of each factor. All 

were included in a multivariable logistic regression 

(CI) was calculated for each factor to assess statistical 
significance.

This study was approved by the Medical and 

University Medical School, Yogyakarta, Indonesia.

Results

Figure 1). Table 1 shows the basic 

Table 1. Subjects’ characteristics 

Characteristics (n=75)

Age
   1-12 months, n (%)
   >12 months, n (%)

45 (60.0)
30 (40.0)

Gender
   Male, n (%)
   Female, n (%)

44 (58.7)
31 (41.3)

Diagnoses
Surgical cases, n (%)
Non-surgical cases (medical sepsis), n (%)

      Pneumonia, n (%)
Intracranial infection, n (%)

      Diarrhea, n (%)
      Malignancy, n (%)

Kidney disease, n (%) 
Dengue infection, n (%) 

18 (24.0)
57 (76.0)
25 (33.3)
17 (22.7)
  6   (8.0)
  5   (6.7)
  3   (4.0)
  1   (1.3)

Patients with positive cultures, n (%) 43 (57.3)
Septic shock, n (%) 25 (33.3)
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microorganisms found in the 55 positive cultures 
from 43 patients were Staphylococcus sp. 
and Pseudomonas sp.

the most common cause of death was pneumonia 

Factors associated with mortality are shown 
in Table 2. Univariate analysis revealed significant 

lactate clearance, septic shock and lactic acidosis. 
Multivariate analysis revealed that lactate clearance 

statistically significant associations with mortality 
(Table 3).

Table 2. Univariate analysis of prognostic factors for mortality in patients with sepsis 

Variables
   Died
   n (%)

 Survived
     n (%)

 RR      95% CI P value

Lactate I
29 (61.7) 18 (38.3) 2.90 1.09 to 7.66 0.029

<4 mmol/L 10 (35.7) 18 (64.3)

Lactate II
28 (59.6) 19 (40.4) 2.28 0.88 to 5.93 0.089

<4 mmol/L 11 (39.3) 17 (60.7)

Lactate III *
25 (65.8) 13 (34.2) 4.92 1.77 to 13.65 0.002

<4 mmol/L   9 (28.1) 23 (71.9)
Lactate clearance in 6 hours

 <10 % 29 (53.7) 25 (46.3) 1.27 0.46 to 3.50 0.636

10 (47.6) 11 (52.4)

Lactate clearance in 24 hours*
<10 % 26 (68.4) 12 (31.6) 6.50 2.27 to 18.62 0.001

8   (25.0) 24 (75.0)
Septic shock
  Yes 20 (80.0) 5   (20.0) 6.53 2.09 to 20.29 0.001
  No 19 (38.0) 31 (62.0)
Lactic acidosis
  Yes 27 (62.8) 16 (37.2) 2.81 1.09 to 7.24 0.030
  No 12 (37.5) 20 (62.5)
Antibiotics
  >6 hours 10 (55.6) 8   (44.4) 1.21 0.42 to 3.50 0.602
 <6 hours 29 (50.9) 28 (49.1)
Hyperglycemia
  Yes 9   (56.3) 7   (43.7) 1.24 0.41 to 3.78 0.701
  No 30 (50.8) 29 (49.2)
Microorganism cultures
  Positive 23 (53.5) 20 (46.5) 1.15 0.46 to 2.87 0.765
  Negative 16 (50.0) 16 (50.0)

* n = 70

Figure 1

Died
n=39

Survived
n=36

Lactate level I and II measurements
and lactate clearance at 6 hours

(n=75)

Lactate level III measurement
and lactate clearance at 24 hours

(n=70)

91 patients with sepsis eligibility

16 excluded
   15 did not meet inclusion criteria
   1 declined participation

Analysis

5 patients died
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Discussion

The incidence of sepsis during this study was high, 
with the mortality rate comparable to that of previous 
studies.
months, as sepsis is related to immune system imma-
turity in severe infection.  Sepsis is a systemic 
response associated with infection by bacteria, fungi, 
parasites, viruses or other pathogens.   Only 38-

positive cultures.
Lactate is a substrate produced by glycolysis in 

5,8 Lactate accumulation depends on the rate 
of glycolysis, consumption of lactate, and clearance by 
tissues.5 Hyperlactatemia in sepsis is well recognized to 

bic metabolism due to hemodynamic alterations.5-7

In sepsis, the mechanism of hyperlactatemia has 

triggered by cytokine or catecholamine stimulation, 
accumulation of pyruvate caused by  impaired 

Rather than overproduction, 
hyperlactatemia in sepsis is also thought to be a sign 
of altered lactate clearance due to multiple organ 
dysfunction.

been reported to be a prognostic marker of severe 
sepsis.
hour (LIII) lactate levels were significantly associated 
with mortality.  The 6-hour lactate level (LII) did not 
have a significant association with mortality. As such, 
the 6-hour lactate clearance was not associated with 
mortality (Table 2).

Both early and serial lactate levels in patients 
who died in this study were higher than in patients 

who survived, similar to results in previous studies.
A study showed an association between elevated 

 Also, another study found 

levels of lactate and adequate sepsis management for 

risk of mortality.
For predicting mortality, the value of using static 

vs. dynamic lactate levels remains inconclusive.
Some studies have shown dynamic parameter changes 
in lactate concentrations to be clinically more useful 
than static indices, as we observed in our study.

was significantly associated with increased risk of 
sepsis mortality, similar to others’ results.  The 

decreases the risk of mortality.  In contrast, 
Arnold et al. found that hospital mortality was 
associated with a 6-hour lactate clearance of less than 

settings and outcome measurements.
The mortality rate of septic shock in previous 

et 
al. reported that high initial lactate levels were 
associated with hypoperfusion and shock in dengue 
shock syndrome. We did not determine if initial 
hyperlactatemia was a predictor for the occurrence 
of septic shock. Mortality caused by prolonged septic 

ranging hypoperfusion, causing tissue damage and 
multiple organ dysfunction.  Therefore, early 
detection of septic shock in children and adequate 
initial treatment can improve outcomes in patients 
with septic shock.

Table 3. Multivariate analysis of prognostic factors for sepsis mortality

Variables Adjusted RR 95% CI

Lactate I 0.16 0.03 to   1.72
Lactate II 3.25 0.60 to 17.73
Lactate III 0.73 0.14 to   3.83
Lactate clearance <10% at 24 hours 5.30 1.10 to 24.50
Septic shock 1.54 1.36 to   6.47
Lactic acidosis 0.45 0.12 to   1.71
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Lactate measurements in our study did not 
affect patient treatment. Monitoring of lactate levels 
did not change outcomes and the value of lactate as 
a therapeutic tool remains unclear. An integrated 
treatment has to provide benefits to patients. Based
on previous studies, serial blood lactate monitoring 
is recommended in critical care settings because it 
clearly has a place in risk stratification.  A 
limitation of our study was that patients had a wide 
spectrum of disease, and the first lactate level was 

in the emergency or pediatric ward may have affected 
the results. 

In children with sepsis, increasing or persistently 

septic shock are also factors affecting mortality in 
sepsis patients. 
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